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Abstract 
This paper presents a calculation method to estimate an energy saving for the residential sector in Thailand. The 
energy saving proposed calculation method adopted from British Standard EN 16212:2012 with top-down energy 
saving calculation developed by British Standard Institution (BSI). The indicators are proposed to reflect the energy 
saving for Thailand’s residential sector, i.e. the total energy consumption, electricity energy consumption, petroleum 
product consumption per dwelling, electricity energy consumption in refrigerator, washing machine, and air-
conditioner (A/C). The calculation considers an energy saving per indicator in year 2010 and 2014, which based on 
year 2000. The result shows the energy saving per indicator in washing machine and air-conditioner electricity energy 
consumption. In the washing machine, the electricity energy that saved in year 2010 and 2014 are 24.57 ktoe and 
13.11 ktoe. Similarly, the saving of A/C in 2010 and 2014 are 388.72 ktoe and 625.41 ktoe. The A/C energy 
consumption indicator shows the highest energy saving.  
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1. Introduction 
In 2011, the ministry of energy of Thailand has developed the 20-year Energy Efficiency Development 
Plan during 2011 – 2030 (EEDP) [1]. The EEDP provides the national policy framework and guidelines 
on energy conservation implementation. The energy conservation target that set at the national level and 
by energy-intensity economic sectors, i.e. transportation, industry, commercial and residential sector. 
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According to the EEDP, the target of this plan is reduce the national’s energy intensity by 25% in 2030 
when comparison with 2005, or amount of equivalent to reduce the final energy consumption by 20% in 
2030, about 30,000 thousand tons of crude oil equivalent (ktoe). An expected energy saving was 
calculated by a potential of different of energy demand in two cases included business-as-usual (BAU) 
and energy efficiency (EFF). It was projected a parameters such as GDP growth rate, diffusion of 
appliances, electrical rate, etc. during 2011- 2030. However, that energy saving target is a projection in 
the future based on data assumption. 
Thus, the energy saving calculation is a necessary process for evaluation an impact or outcome of 
energy conservation policies or measures. Also, that will help a policy maker for revising the plan to 
follow the conservation target. 
 
Nomenclature 
 
NEC normalised energy consumption 
EC annual energy consumption from statistic 
SHC fraction of yearly consumption dependent on climate 
AF adjustment factor for climate 
DV quantity for driver 
IND indicator value 
ESPI energy saving per indicator 
HH household (dwelling) 
t0 base year of calculation 
t year of calculation 
1.1. Energy saving calculation 
There are many methods to estimate energy saving due to the implementation of programs or 
interventions to promote energy efficiency policy. Each method offers benefits and disadvantages. To 
select one method depends on objectives and readiness of required data. The Bottom-Up Energy Analysis 
System (BUENAS) is the method, which offers several benefits such as flexibility of required data (not 
without the tradeoff with calculation error), or the inclusion of many required historical data for many 
countries [2]. This bottom-up method generally used to estimate the energy saving due to the 
implementation of programs or intervention for energy efficiency of machines, equipment or materials 
such as standard and labeling programs for residential appliances. Another type of energy saving 
calculation is the top-down method, which calculates the energy saving, resulting from implementation of 
energy efficiency programs, from national level data such as the national energy consumption, energy 
intensity, population growth, and from some economic data such as the national GDP, the rate of 
urbanization. In Thailand, the energy saving calculation is normally done by using an end-use model or 
energy saving model. In 2006, the energy saving using the end-use model is applied for the assessment of 
energy saving potential in residential sector [11]. Specifically, it used the Long-ranged Energy 
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Alternatives Planning (LEAP) model, and its analysis was divided into two cases. First case is the base-
case or business-as-usual (BAU) scenario, and the second case is the energy efficiency case or alternative 
scenario. The calculation relied on the assumptions of the growth rate of Gross Domestic Product (GDP), 
and growth rate of number of households. The important requirement of data in this work included also 
the efficiency of appliances in each period year of the calculation in the future.  The results show the 
energy saving in period year of calculation with an improvement of efficiency of appliances. 
Decomposition technique is also another method used to calculate the energy saving for Thai 
manufacturing sector in 2009 [12]. For this method, the energy saving is calculated to fine the energy 
consumption unit from past to present. So, the required data included the total energy consumption, 
activity of energy using share, and structure of economic.  
Based on literature surveying results, if is found that different method requires different type of data 
and affects the result of calculation. The selection of method depends on objectives of researchers. Since, 
Thailand does not have a national standard for the energy saving calculation, therefore, it is difficult to 
compare results from one study to another. In 2012, the British Standard Institution (BSI) published a 
calculation standard for energy efficiency and savings estimation [6]. This standard recommends two 
types of calculation including top-down and bottom-up methods. BSI standard will be useful for 
policymakers and implementers in many countries because this standard sets the international calculation 
framework to estimate the energy saving. Therefore the energy saving estimation from one to another 
program, or from one to another can then be compared. This paper presents the top-down calculation, and 
results adopted from the calculation framework that developed by British Standard Institution (BSI). In 
this case study, a residential sector in Thailand is used for calculation from year 2000-2010 that before 
EEDP case, and used in 2000-2014 after EEDP case for 3 years. 
1.2. Energy consumption in residential sector  
The historical data demonstrating annual energy consumption in residential sector in Thailand since 
2000 to 2014 is showed in Table 1, which was collected by the Department of Alternative Energy 
Development and Efficiency (DEDE), the Ministry of Energy [3-5]. It can be seen from the data that the 
total consumption increases 3.2% every year. The petroleum-based energy source is the highest 
increasing consumption rate of 7.4% annually. The electricity consumption increases 5.2%. And the 
traditional renewable energy also increases 1.7% 
Energy policies are created to reduce energy consumption, e.g. the label No.5 program, the promotion 
of high-efficiency equipment and materials to energy conservation labeling, and so on. 
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Table 1. Energy consumption statistic for the residential sector in Thailand period year 2000 – 2014 (ktoe) 
Year Commercial Energy 
Traditional Renewable Energy2/ Total Energy Consumption 
 Petroleum product1/ Electricity 
2000 900 1,660 4,874 7,434 
2001 753 1,795 4,936 7,484 
2002 989 1,884 5,036 7,909 
2003 1,045 2,002 5,126 8,173 
2004 1,046 2,108 5,647 8,801 
2005 1,309 2,182 5,442 8,933 
2006 1,310 2,301 5,423 9,034 
2007 1,435 2,389 5,709 9,533 
2008 1,607 2,453 5,898 9,958 
2009 1,740 2,588 5,761 10,089 
2010 1,652 2,841 6,470 10,963 
2011 2,021 2,805 6,214 11,040 
2012 2,385 3,119 5,401 10,905 
2013 1,903 3,220 6,244 11,367 
2014 2,143 3,336 5,980 11,459 
1/  including LPG, kerosene, and low speed diesel 
2/  including fuel wood, charcoal, and paddy husk 
2. Methodology 
The fundamental energy saving calculation being presented here adopted from the BS EN 16212:2012 
with top-down method [6]. Principally, the top-down calculation method provides results in the form of 
energy saving per indicator. It is though noting that the calculated energy saving per indicator may be 
overlapped in a part of end-use in each saving per indicator. Therefore, each chosen indicator must be 
checked for their degree of independence. 
In order to calculate the energy saving in the residential sector, the total energy consumption should be 
categorized, which based on utilization purposes. The appropriate categorization of the energy 
consumption will simplify the analysis and investigation in terms of to the effectiveness of energy 
efficiency programs or interventions. For this preliminary research, the energy consumption is based on 
the following categorizations, which has been suggested in the calculation framework BS EN 
16212:2012.  
For a typical of residential energy consumption is assumed to include the follows:  
x Space cooling 
x Water heating  
x Large electrical appliances 
x Lighting  
x Total electricity consumption 
x Total non-electricity consumption 
Based on the above categorizations, the energy saving can then be investigated by the indicators as 
shown in Table 2. The total energy saving, the electricity energy saving, and the petroleum-based energy 
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saving are observed by the amount of energy saving per dwelling. Limitations of data are the types and 
amount of appliances per household. Therefore, the electricity energy saving is calculated from using of a 
refrigerator, an air conditioner and a washing machine. Energy saving for other household appliances or 
energy consumed equipment will be investigated in future study. 
Table 2. Indicators for energy saving calculation 
No. Indicator Unit 
1 Total energy consumption per dwelling ktoe /dwelling 
2 Electricity energy consumption per dwelling ktoe /dwelling 
3 Petroleum product energy consumption per dwelling ktoe /dwelling 
4 Electricity energy consumption per refrigerator ktoe /refrigerator 
5 Electricity energy consumption per washing machine ktoe /washing machine 
6 Electricity energy consumption per air conditioner ktoe /air conditioner 
2.1. Equations 
The equations involved in this approach include the normalisation, indicator value, and energy saving 
per indicator. Equation (1) represents the normalisation of annual energy consumption due to the effect of 
climate change. 
 
NEC(t) = EC(t) × SHC(t) × AF + EC(t) × [1-SHC(t)] (1) 
Equation (2) is used to find indicator value with normalisation and quantity of driver. 
 
IND = NEC(t) / DV(t)  (2) 
And equation (3) calculates the energy saving per indicator as compared to the based year. 
 
ESPI = [IND(t0) – IND(t)] × DV(t)  (3) 
2.2. Calculation 
To do the calculation, the energy saving per indicators are separated into two groups. The first group 
includes indicators no. 1-3, which are energy saving in total energy and electricity, and petroleum product 
of dwelling. The second group includes indicators no. 4-6, which are the electricity energy saving in 
appliances. The data used for all calculations shows in Table 3. The adjustment factor is defined by the 
ratio between average highest temperature in 14 year (2000-2013) as 42.6 °C and actual temperature (°C), 
which is the highest temperature in the calculated year. The fraction of annual energy consumption 
depends on climate, which is assumed by percentage of energy consumption unit, such space cooling per 
dwelling which is assumed to be 60%. 
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Table 3. The collect data used to calculation in year 2000, 2010, and 2014 
Year Energy consumption (ktoe) Quantity of driver (physical unit)  
 Total Electricity Petroleum product Household Refrigerator Washing machine Air-conditioner  
2000 7,434 1,660 900 15,877,186 11,495,756 4,409,245 1,641,385  
2010 10,963 2,841 1,652 20,364,333 17,204,185 11,684,758 4,025,089  
2014 11,459 3,336 2,143 20,564,691 19,073,7514/ 11,188,4774/ 5,308,2614/  
Source: National Statistic Office. [8]  
4/ is data assumed from percent by quantity of HH in Table 4. 
 
The indicator no.4-6 are replaced the energy consumption in equation (1) as electricity energy 
consumption for calculation. The electricity energy consumption for each appliance must be adjusted by 
the shared percentage of energy consumption, including refrigerator, washing machine, and air-
conditioner as shown in Table 4, which are adopted from the surveying results of Thailand residential 
sector in 2014.   
Table 4. The result of survey data in 2014 
Data 
Percent by  
Quantity of HH (%) Electricity energy consumption (%) 
Refrigerator 92.7 10.2 
Washer machine 54.4 1.5 
Air-conditioner 25.8 30.8 
2.3. Uncertainty 
The uncertainty in this study occurs in the indicator no. 4-6 because of the use of the data from the 
surveying results and other aforementioned assumptions. Here, the surveyed data was collected by 
Enervision Co., Ltd. [7]. The sampled data has 95% of reliability and 5% of uncertainty. Thus, adopted 
data and sum of uncertainties are considered [11]. In year 2000 and 2010, it is found that the uncertainty 
of the amount of appliances including refrigerator, washing machine, and air conditioner are less than 5% 
of shared percentage. In 2014, that uncertainty of the amount appliance is less than 7.07%. 
3. Result 
The results of energy saving per indicator for Thailand residential sector in year 2010 and 2014 are 
shown in Fig. 1. The energy saving per indicator for the indicators no.1-3 shows the total energy 
consumption, electricity energy consumption, and petroleum product energy consumption in dwelling 
respectively. In year 2010, the results are -1,297.44, -677.69, and -447.79 ktoe, respectively. Similarly, in 
year 2014, the energy saving per indicators for the indicator no.1-3 are -1,828.51, -1,184.80, and -975.00 
ktoe, respectively. Furthermore, the indicators no. 4-6 are the energy saving per indicator in electricity of 
appliances, including refrigerator, washing machine, and A/C. In year 2010, the results are -27.76, 24.57, 
and 388.72 ktoe, respectively. In 2014, the results are -59.20, 13.11, and 625.41 ktoe. In addition, the 
results of indicator no. 4-6 are considered with the value of uncertainty by ±5% in year 2010 and ±7% in 
year 2014. 
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Fig. 1. The energy saving per indicator in year 2010 and 2014 compare with year 2000 
4. Discussion 
According to the study, this method presents a simple calculation for energy saving implementation. 
The equations are not in any form of a complicated function. Parameters are collected from annual 
national level data, which is normally done by the government, which is helpful to reduce the time and 
budget for surveying or data collection.  
However, the result of this method explains only the saving effectiveness by each indicator. If the 
definition of the indicator is rigorously defined with well-defined definition, the calculation method can 
explain the reliable saving results. The selection of indicators in this work has yet to be validated, though 
they are chosen based-on the available data. During the data finding process, if was found that the 
collected data for the residential sectors can be largely different from one source of data to another. 
Therefore, it is noted that, for the author’s point of view, the calculation standard can be used in Thailand 
due to its simplicity and less data extensive requirement. But care must be taken since there are additional 
needs of rarely collected data such the AF ratio definition of the country and the annual SHC fraction.   
5. Conclusion 
In this study, the energy saving is calculated with top-down method by BS EN 16212:2012 for 
Thailand’s residential sector. The fundamental method requires annual data collected at national level for 
calculation. The energy savings are separated into two groups of indicators, namely the energy saving in 
residential sector and appliances. Overall, they are defined by six indicators. Particularly, for the 
residential energy consumption, the indicators are the total energy, electricity energy, and petroleum 
product energy consumption. And for energy consumption in appliances, the indicators are refrigerator, 
washing machine, and air-conditioner (A/C). The energy saving calculation shows results in year 2010 
and 2014 which based on year 2000.  
The result of energy saving in year 2010 shows the energy consumption in residential sector increased 
for all types of energy. The total energy consumption in residential sector in 2010, which is higher than 
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year 2000 by 1,297.44 ktoe and 2014 is higher than 2000 by 1,828.51 ktoe. For the electricity energy 
saving of appliance indicators such as refrigerator in 2010 and 2014, the electricity energy consumption 
increased from 2000 by 27.76 and 59.20 ktoe, respectively. In contrast, the washing machine saved 
electricity energy by 24.57 and 13.11 ktoe in 2010 and 2014 respectively, and A/C saved 388.72 and 
625.41 ktoe in 2010 and 2014 respectively. 
Thus indicators for calculation show the energy consumption in Thailand residential sector, which 
does not show any saving because the energy demand increases every year. However, electricity energy 
consumption shows the energy saving in A/C device in year 2010 and 2014. When the energy saving in 
A/C compared between 2010 and 2014, that increased to 50% from 2010. The result of saving may be an 
effect from increasing effective interventions or programs based-on the 20-year Energy Efficiency Plan 
(2011-2030) such as the No.5 labeling program. 
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